In this study a myeloscope was used to assess the influence of adhesive arachnoiditis on the surgical outcome of patients with lumbar spinal canal stenosis (LSS). The presence or absence and the degree of the complication of adhesive arachnoiditis were preoperatively determined by myeloscopy in 36 patients with LSS, and these findings were compared with the postoperative results. Various degrees of adhesive changes in the cauda equina were observed in all 36 patients. Patients with marked adhesions, which may indicate a blocked cauda equina, had distinctly worse operative results than did patients with slight or moderate adhesions. Adhesive arachnoiditis was considered to be one of the causes for the poor operative results for LSS. Myeloscopy is useful in diagnosing the morbid condition of the cauda equina in LSS, and for predicting the operative results.
Introduction
In recent years, we have seen great improvements in the postoperative results of lumbar spinal canal stenosis surgery. These improvements are the result of both advances in the surgical procedure and in our understanding of the pathology of LSS. However, there are still patients whose postoperative recovery is poor. One of the major factors for such poor recoveries can be associated adhesive arachnoiditis. l We feel that an accurate diagnosis of the severity of a patient's adhesive arachnoiditis before surgery is required to predict the probable success of the operation.
Adhesive arachnoiditis has been conventionally diagnosed by myelography, 2 . 3 although mild lesions are often overlooked, and it is difficult to diagnose it when the passage of contrast medium is completely blocked. It is known that adhesive arachnoiditis can often be associated with LSS, 4 . S although there are few reports on detailed studies. In this paper, adhesive arachnoiditis of the cauda equina was examined preoperatively with a myeloscope in patients with LSS, and the influence of the disease on the postoperative results was investigated.
Materials and methods
The subjects were 36 patients with LSS whose symptoms had not been improved by conservative treatment. There were 24 males and 12 females. Ages at the time of surgery ranged from 39 to 78 years Correspondence: Y Kawauchi (mean, 60.6 years). The morbid period ranged from 2 months to 11 years (mean, 3 years and 10 months). According to the International Classification of LSS, 6 17 patients had the degenerative type (10 of whom had spondylolisthesis), IS the combined type, and four the post-traumatic type.
Total laminectomy was performed on seven patients. The remaining 29 patients received a partial laminectomy which was designed to fenestrate the interlaminar intervals. The surgery was concentrated mainly below L3. Posterolateral fusion was added to nine of the patients who were shown to have vertebral instability. The period of postoperative observation ranged from 2 years to S years and 1 month (mean, 2 years and 9 months). The surgical results were evaluated as good, fair and poor according to Stauffer's Criteria (Table 1) . 7 Myeloscopic examination was performed 1 or 2 weeks prior to surgery. The myeloscope used was a hard endoscope with an internal diameter of 1.7 mm (Olympus Optical Co., Tokyo). The patients lie on their side on the operating table. Under local anaesthetic, a trocar, 2 mm in diameter, is inserted into the subdural space between L2 and S 1 through a 3 to 4 mm long midline skin incision over the lumbar interspinous space. The endoscope is connected to a television monitor and a video set by a specific cable for observation and recording. The inserting level is at the maximally stenosed as seen on the myelograms; in one patient in L2-3, eight in L3-4, 24 in L4-S, and three in LS-S 1.
The appearance of adhesive arachnoiditis was classified in three degrees, slight, moderate or Y Kawauchi et al (Table 2 ). 8
The patients required to rest in bed for 24 h after the examination.
Results
Adhesive arachnoiditis was observed in all of the patients; being slight in seven, moderate in 16 and marked in 13. These findings were evaluated in relation to some of the following clinical features. The results were statistically analysed with use of chi-square test and Spearman's rank correlation coefficient.
Age and morbidity period
The mean ages were 59.3±7.4 years III patients with slight adhesions, 63.4±7.6 years in those with moderate adhesions and 58.2±9.8 years in those with marked adhesions. The morbid periods were 5.5 ± 4.1 years in patients with slight adhesions, 2.8 ± 2.2 years in those with moderate adhesions and 3.9 ± 3.1 years in those with marked adhesions. The degree of adhesive arachnoiditis was not significantly influenced by age or the morbidity period. 2 
Classification of LSS
The degree of adhesion was also not significantly influenced by the type of LSS (Figure 1 ).
Severity of clinical symptoms before surgery
The severity of the clinical symptoms was evaluated using the criteria of the Japanese Orthopaedic Association for low back pain (JOA Score) 9 before surgery. The score was 14.1 ± 2. 6 points for those with slight adhesions, 11.4 ± 5.5 points regarding moderate adhesions and 12.8 ± 4.8 points for those with marked adhesions. The degree of adhesion bore no correlation with the severity of the clinical symptoms using the JOA Score. Nocturnal pain during rest and burning pains are quite characteristic for patients with adhesive arachnoiditis. 1O Such burning pains were observed in one of the patients with slight adhesions, while nocturnal pains and burning pains were frequently found in those with moderate or marked adhesions ( Figure 2 ). 4 
Myelographic findings
The degrees of stenosis were classified as severe, moderate or mild, according to the myelographic findings. A partial defect in the contrast medium was classified as mild stenosis, an incomplete block as moderate stenosis, and a total block as severe stenosis. There was no patient whose myelogram showed only a defect of the root sleeve in our series. Moderate or marked adhesions were frequently observed in patients with severe stenosis (Figure 3 ).
Results of surgery
We found a significant correlation between the severity of the adhesions and the poor results of surgery. In other words, the more severe the adhesions the worse were the surgical results. Using Spearman's rank correlation coefficient, we found a significant differ ence in outcome between patients with slight and marked degrees of adhesion (P < 0.05) (Figure 4 ).
Complications
One patient complained of a transient headache after the examination. There were no other complications. 
Case reports
Case 1, is a 61 year-old woman who had experienced pain and numbness in her right leg for 7 years, and began to have intermittent claudication after walking 50 meters. A plain roentgenogram on admission revealed degenerative spondylolisthesis at L4 level, and myelo graphy demonstrated a complete block at L4-5 level ( Figure 5A and B) . The myeloscope was inserted into the space between L4 and L5; opaque arachnoid was observed, and the adhesion was evaluated as being of slight degree ( Figure 5C ). A partial laminectomy was carried out at L4-5, with a posterolateral fusion between L4 and the sacrum using Knodt rod instrumentation. Three years and 8 months after her surgery, the severity of her symptoms have consider ably lessened and based on our criteria, the surgical results are good. Case 2, is a 69 year-old woman who had complained of low back pain and numbness in her Her myelogram revealed partial defects of the contrast medium caudal to L3-4 ( Figure 6A and B) . Myeloscopy was carried out at L4-5 level, and it was observed that the vessels on the surface of the cauda equina were abnormally dilated and a fibrous membrane had formed at the site. The adhesion was evaluated as being moderate ( Figure 6C) .
A partial laminectomy was performed in the interlaminar spaces below L3-4. After 2 years and 8 months, the intermittent claudication lessened but the numbness and muscle weakness in her legs remains. The postoperative result here was only fair.
Case 3, is a 53 year-old man who had complained of pains and numbness in both legs for 6 years, and intermittent claudication appeared, unusually with dysfunction of his bladder and bowel. A plain roentgenogram revealed mild degenerative spondylo listhesis at L4 level. Myelograms showed a partial defect at L3-4 and a complete block below L4 ( Figure  7 A and B) . Myeloscopy at L3-4 showed that the cauda equina had lost its glossy appearance and had aggregated into a mass with a maze of vessels on its surface. The adhesions were evaluated as being marked ( Figure 7C ).
The patient underwent total laminectomy of L4 and L5, with a posterolateral fixation from L3 to Sl with Knodt rods. Four years and 8 months after the operation, the symptoms have not improved. The result was poor. sion. It is presumed that the presence of adhesive arachnoiditis is one of the major contributing factors for such poor surgical results. The authors studied how adhesive arachnoiditis affects the postoperative results by using a myeloscope to observe the cauda equina directly. This use of the myeloscope represents a break through in the diagnosis of adhesive arachnoiditis. In the past, such a diagnosis has traditionally been made on the basis of the past history, the clinical symptoms, the findings on mrlography and by computerized tomography. 2 ,3 ,1 0 -1 Recently, magnetic resonance imaging has been reported to be helpful. 1 3 , 14 All of these procedures, however, provide only a limited number of common characteristics. These factors are often rather insubstantial and it is therefore frequently difficult to make a diagnosis of adhesive arachnoiditis based on them.
In contrast, myeloscopic examinations permit the direct observation of color changes, fibrous prolifera tion, and minute hemodynamic changes in the cauda equina, and also permits us to observe the flow of the cerebrospinal fluid. It is therefore a powerful tool for the diagnosis of adhesive arachnoiditis.
The history of myeloscopy is old. The first use of myeloscopy is believed to be the insertion of an arthroscope into the cadaveric sp,inal canal by Bur man lS in 1931. In 1938, Pool 6 became the first researcher to make observations in a living human using lumbar intradural endoscopy. He examined about 400 patients by this method. In those days, however, the Adhesive arachnoiditis in lumbar spinal canal stenosis Y Kawauchi et al light source was an electric bulb, thus there was insufficient light for photography. Also the electric bulb generated a great deal of heat, and the diameter of the endoscope was quite large. For these reasons, the incidence of complications was estimated to have been too high, and therefore his study was discontinued.
In recent years, a lumbar intradural endoscope with a built-in fiber-optic system has been developed. Ooi 8 used the lumbar intradural endoscope or myeloscope to observe the intrathecal space. He described the normal myeloscopic findings, that the arachnoid is transparent and the cauda equina is glossy with a striped pattern, and its accompanying blood vessels run parallel to the nerves. He diagnosed adhesive arachnoiditis using myeloscopy and classified the degrees of adhesion as slight, moderate or marked. In this study, the authors used Ooi's pioneering techniques and classification system to observe the adhesive arachnoiditis associated with lumbar spinal canal stenosis and to evaluate it. In general, Ooi's techniques for inserting the myeloscope works well. However, when remarkable degenerative changes of the lumbar spine have occurred, it is rather difficult to insert the myeloscope. Fortunately, such patients were few, only five in our series.
Adhesive arachnoiditis is generally believed to occur as a result of infection, trauma, surgery or the subdural injection of a drug. 2 , 1 0 However, Epstein 5 mentioned that chronic compression or repeated minute trauma of the cauda equina may be important factors in causing adhesive arachnoiditis in patients with lumbar spinal canal stenosis.
Burton 1 analysed the causes of the poor post operative results in patients with lumbar spinal disease and reported, based on myelographic find ings, that the incidence of adhesive arachnoiditis was 16%. This represents one of the largest, single factors common in patients with poor results from surgery. Mita 17 performed myeloscopic examinations on 37 patients with lumbar spinal canal stenosis and recognized adhesive arachnoiditis in 12 of them. It was revealed in our study that all of the patients showed the adhesive changes, including slight adhe sions. Patients with marked adhesions showed dis tinctly worse postoperative results than did patients with slight or moderate adhesions. We think that the marked degree of adhesive arachnoiditis may be one of major factors resulting in poor surgical outcomes.
There is no effective surgical procedure for adhesive arachnoiditis if the adhesions are diffuse. When the adhesion is localised, some efforts have been made to perform micro lysis, but the results have not always been promising. 18 -2o Some surgeons advocate spinal fusion as an effective remedy for pain. 21 Myeloscopy in patients with lumbar spinal canal stenosis is useful for determining the pathological condition of adhesive arachnoiditis and may become one means for predicting the results of surgery. This is because in our series a good postoperative recovery from symptoms was rare in patients with marked adhesions.
Despite its usefulness, direct observation has some potential drawbacks. First, myeloscopy is invasive and therefore escape of cerebrospinal fluid may occur as a complication. Although the authors have performed this procedure on 60 patients including those with a lumbar disc herniation, no serious complications were encountered. The second possible disadvantage is that the range of observation by hard endoscopy is restricted. We thus do not recommend that myelo scopy should be routinely performed on patients with LSS, but we believe myeloscopy has a valuable role in the evaluation of arachnoiditis.
